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(54) REFLECTION MIRROR TYPE OPTICAL FIBER SWITCH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reflection 
mirror type optical fiber switch which has the stabilized 
repeating reproducibility, is not affected by vibration, 
impact or the like and by which malfunction due to 
magnetic induction from outside is prevented and that 
is small-sized. 

SOLUTION: A pair of optical fibers F1 and F2 are 
arranged so as to be symmetric over the optical axis of 
a lens in the first collimating lens assembly C1 of a 
reflection mirror type 2x2 optical fiber switch, and also 
the pair of optical fibers F3 and F4 are arranged so as 
to be symmetric over the optical axis of the lens in a 
second collimating lens assembly C2. The first and 
second collimating lens assembly are made opposed 
and are supported by aligning the optical axis by an 
alignment block B. A reflection mirror assembly MA is 
composed of a reflection mirror provided so as to be 
movable between a first position at which light from 
each optical fiber is reflected so as to be orthogonal 

with the optical axis of the lens to the focal surface of the lens and a second position through 
which it is transmitted and a guiding means to regulate the squareness of the first position of 
the reflection mirror by having the alignment block as a reference. The reflection mirror means 
MA is driven by a driving means MO. 
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LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the optical-axis symmetry of a lens — the optical fiber F1 of a pair, and F2 1st 
arranged collimator lens assembly C1 the optical-axis symmetry of a lens — the optical fiber 
F3 of a pair, and F4 2nd arranged collimator lens assembly C2 Make said 1st and 2nd collimator 
lens assembly counter, an optical axis is made in agreement, and it is said optical fiber F1. Said 
optical fiber F4 and said optical fiber F2 The alignment block B supported so that said optical 
fiber F3 may make optical connection The reflective mirror shaft prepared in the boss prepared 
in said alignment block in parallel with the optical axis of said lens pivotable, The 1st location 
which it is prepared [ location ] in said reflective mirror shaft, and makes the optical axis of said 
lens reflect the light from said each optical fiber in a right angle to the focal plane of said lens, 
The reflective mirror assembly which consists of a reflective mirror in which between the 2nd 
location made to penetrate is established movable, and a guidance means to specify the 
squareness of said 1st location of a reflective mirror on the basis of said alignment block, And 
the reflective mirror form optical fiber switch constituted from a driving means which drives 
said reflective mirror means. 

[Claim 2] Said 1st and 2nd collimator lens assembly is the optical fiber of a pair, the ferrule 
which supports said optical fiber, and a reflective mirror form optical fiber switch according to 
claim 1 which is the rod lens of abbreviation 0.25 pitch connected with said optical fiber at a 
ferrule edge, respectively. 

[Claim 3] Said driving means is a reflective mirror form optical fiber switch according to claim 1 
characterized by using the micro motor which prepared the engagement section with said 
reflective mirror assembly in the revolving-shaft edge. 

[Claim 4] The quality of the material of a reflective mirror is a reflective mirror form optical 
fiber switch according to claim 1 characterized by using the reflective mirror to which are 
metal, such as stainless steel, carried out with a hardness [ MHv ] of 1800 or more Ti-N coat 
processing to both sides of said metal, and high reflection factor coats, such as gold (Au) and 
platinum (Pt), were made to adhere by sputtering or chemical plating further. 
[Claim 5] The reflective mirror form optical fiber switch according to claim 1 characterized by 
having laid under the alignment block the permanent magnet which approaches or touches the 
revolving shaft of a reflective mirror, and establishing the self-hold device in the angle-of- 
rotation edge of a reflective mirror. 

[Claim 6] the spacing d fixed to the optical-axis symmetry of a lens in parallel — maintaining — 
the optical fiber F1 of a pair, and F2 1st arranged collimator lens assembly C1 the optical axis 
of a lens — parallel — said optical axis to spacing d / 2 — maintaining — one optical fiber F4 
2nd arranged collimator lens assembly C2 Make said 1st and 2nd collimator lens assembly 
counter, an optical axis is made in agreement, and it is said optical fiber F1. Said optical fiber F4 
The alignment block B supported so that optical connection may be made The reflective mirror 
shaft prepared in the boss prepared in said alignment block in parallel with the optical axis of 
said lens pivotable, The 1st location which it is prepared [ location ] in said reflective mirror 
shaft, and makes the optical axis of said lens reflect the light from said each optical fiber in a 
right angle to the focal plane of said lens, The reflective mirror assembly which consists of a 
reflective mirror in which between the 2nd location made to penetrate is established movable, 
and a guidance means to specify the squareness of said 1st location of a reflective mirror on 
the basis of said alignment block, And the reflective mirror form 1x2 optical-fiber switch 
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constituted from a rriving means which drives said reflective mirror means. 

[Claim 7] Tfie collimator lens assembly which arranges and constituted the optical fiber of a pair 
in the optical-axis symmetry of a lens, and the 1st location which inserts a reflective mirror in 
the focal location of said lens, and makes connection with the optical fiber of another side from 
one [ said ] optical fiber, In the reflective mirror form optical fiber switch moved to the 2nd 
location evacuated from a focal location Said collimator lens assembly and the alignment block 
which supports said reflective mirror, The reflective mirror shaft prepared in the boss prepared 
in said block in parallel with the optical axis of said lens pivotable, 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical fiber switch used for an optic fiber 
communication system etc. Among those, a reflective mirror is made to appear frequently 
between the collimator lenses with an optical fiber of the pair arranged especially face to face, 
and it is related with amelioration of the reflective mirror form optical fiber switch for making 
switch connection of an optical fiber circuit 
[0002] 

[Description of the Prior Art] The name of invention: The 2x2 optical-fiber switch shown in the 
efficient electromechanical optical switch (USP5,742,712) belongs to the reflective mirror form 
optical fiber switch of such a format. With reference to drawing 10 and drawing 1 1 , the 
configuration of the reflective mirror form 2x2 optical-fiber switch of a format is explained 
conventionally [ said ]. This switch is using collimator lenses 1 and 2 and the reflective mirror 3. 
Rod lenses 1 and 2 are developed and put in practical use in Nippon Sheet Glass Co., Ltd., and 
can use what is marketed as the trade name SELFOC lens (SFL). 

[0003] The condition that drawing 1 1 removed the reflective mirror for the condition that 
drawing 10 inserted the reflective mirror between the collimator lenses of said switch, from the 
optical path is shown. This switch is a reflective mirror form 2x2 optical-fiber switch 
constituted using collimator lenses 1 and 2 and the reflective mirror 3. Rod lenses 1 and 2 are 
developed and put in practical use in Nippon Sheet Glass Co., Ltd., and can use what is 
marketed as the trade name SELFOC lens (SFL). In addition, about the optical property, 
engineering data, and application of the SELFOC lens, it is officially announced from Nippon 
Sheet Glass Co., Ltd. The switch of said format is widely used for an optical spectral separation 
multiplexing machine (WDM), an optical branching coupler (Splitter), various optical fiber 
switches, etc. 

[0004] In drawing 10 and drawing 1 1 , the rod lenses 1 and 2 of criteria length 0.25 pitch are 
made in agreement in an optical axis, and the small clearance is opened, countered and 
arranged between each end face. The reflective mirror 3 is repeatedly arranged possible 
[ receipts and payments ] in the clearance between a rod lens 1 and 2 at a right angle to an 
optical axis. F1, F2, and F3 And F4 It is the optical fiber attached in the ferrule or sleeve which 
is not illustrated respectively, and it is assembled so that it may become the position of 
symmetry which carried out eccentricity only of the same amount from the optical axis of rod 
lenses 1 and 2. 

[0005] Drawing 10 is in the condition that the reflective mirror 3 was inserted between a rod 
lens 1 and 2. in this case, optical fiber F1 from — the light of the minute mode field which 
carried out outgoing radiation serves as an parallel light beam with the mode field expanded by 
penetrating a rod lens 1, and reaches the reflective mirror 3. It is reflected by the reflective 
mirror 3, and becomes the light of the mode field reduced by penetrating a rod lens 1, and this 
parallel light beam is an optical fiber F2. Incidence is carried out. 

[0006] the same — optical fiber F3 from — the light of the minute mode field which carried out 
outgoing radiation serves as an parallel light beam with the mode field expanded by penetrating 
a rod lens 2, and reaches the reflective mirror 3. The light of the mode field reduced by being 
reflected by the reflective mirror 3 and this parallel light beam penetrating a rod lens 2 is an 
optical fiber F4. Incidence is carried out. 
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[0007] Next drawing 1 1 shows the condition that the reflective mirror 3 was removed from 
between a rod lens 1 and 2. In this case, optical fiber assembly F1 The light of the minute mode 
field which carried out outgoing radiation from the optical fiber serves as an parallel light beam 
with the mode field expanded by penetrating a rod lens 1 . And incidence is carried out to a rod 
lens 2, and it becomes the light of the mode field reduced by penetrating this, and is the optical 
fiber assembly F4. Incidence is carried out to an optical fiber, the same — optical fiber F3 from 
— the light of the mode field reduced by the light of the minute mode field which carried out 
outgoing radiation penetrating a rod lens 2, and becoming an parallel light beam with the mode 
field expanded after that, and penetrating a rod lens 1 — optical fiber assembly F2 Incidence is 
carried out to an optical fiber. Therefore, optical fiber F1 By receipts and payments of the 
reflective mirror 3, a circuit is an optical fiber F2. Or it is connectable one circuit of the optical 
fibers F4, and by turns. Similarly, it is an optical fiber F3. A circuit is an optical fiber F2 by 
receipts and payments of the reflective mirror 3. Or optical fiber F4 It is connectable one of 
circuits, and by turns. 
[0008] 

[Problem(s) to be Solved by the Invention] The problem which should be solved is left behind 
although the conventional 2x2 optical-fiber switch mentioned above is an easy configuration. 

(1) A problem is in repeat repeatability about an insertion-loss value, and it is hard to be 
influenced of external force, such as vibration and an impact. 

(2) It is easy to cause malfunction by magnetic induction in response to the effect of an 
external magnetic field. 

(3) There is a structure-like problem in storing a switch package in specific magnitude 
(magnitude which miniaturizes in height of 8.5mm or less, and can be applied to the printed 
circuit board of 1/2inch form). 

[0009] The problem of the insertion-loss value pointed out by (1) mentioned above is because 
the halt location of the reflective mirror 3 is changed. This problem is further explained with 
reference to drawing 9 . the case where angle-error sigmatheta to a flat surface right-angled to 
optical-axis Z-Z of the reflective mirror 3 arises — optical fiber assembly F1 from — a rod lens 
1 is penetrated and, as for whenever [ angle-of-reflection / of the parallel light beam reflected 
by the reflective mirror 3 ], only -2sigma theta becomes small. Consequently, optical fiber 
assembly F2 Outgoing radiation will be carried out to the point by the inside from an optical 
axis, and the insertion loss by axial center gap will occur, the same — optical fiber F3 from — 
whenever [ angle-of-reflection / of the parallel light beam which penetrated the rod lens 2 and 
was reflected by the reflective mirror 3 ] — +2sigmatheta — large — becoming — optical fiber 
F2 Outgoing radiation is carried out to the point Q which carried out eccentricity outside from 
the optical axis, and an insertion loss increases. 

[0010] According to calculated value, the rod lens of a pitch 0.25 is used with the outer 
diameter of 2mm, 0.0065mm eccentricity of the two single mode optical fibers is carried out 
from the optical axis of a rod lens, respectively, and, in the case of 1310nm operating 
wavelength, the optical insertion loss in optical squareness error sigmatheta=0.024 degree is set 
to about 1dB (**-20%). Incidentally, since it is squareness error tanO.024 degree**0.00042 and 
a microscopic small value, about 1dB (**-20%) dispersion will generate the optical insertion loss 
to which the range of dispersion in the mechanical location at the time of repeat insertion of 
the reflective mirror 3 exceeds 0.024 degrees. Furthermore, when a reflective mirror is inserted 
between rod lenses and a reflective mirror moves according to external force, such as vibration 
and an impact, about 1dB (**-20%) dispersion will generate the same optical insertion loss. 
[0011] In USP5,742,712 mentioned above, the configuration which attaches a reflective mirror 
at the tip of the swinging arm attached in the movable piece of a seesaw form electrical-and- 
electric-equipment relay as a drive of a reflective mirror is adopted. And by polar switch of the 
current to said seesaw form electrical-and-electric-equipment relay, the reflective mirror side 
at the tip of said swinging arm with a reflective mirror is taken in and out of a rod-lens side, and 
the switch switch is performed. The structure which attached the reflective mirror at the tip of 
the swinging arm attached in the movable piece held by the minute magnetism of this seesaw 
form electrical-and-electric-equipment relay receives constraint in small lightweight-ization. 
Moreover, rigging is conjectured that it is not easy and to be very difficult. 
[0012] (1) It is presumed that the repeatability of repeat positioning with the exact reflective 
mirror stated by the term gets very bad. To coincidence, it can be guessed also to external 
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force, such .as vibration and an impact, that it is excessive and unstable. 

(2) the technical problem of a term — the case of the reflective mirror form optical fiber switch 
of the example of a patent — electromagnetism small as a driving source of a reflective mirror 

although the electric relay by the solenoid and the permanent magnet is used, when 
influenced of a strong external magnetic field, possibility of a movable piece moving and carrying 
out incorrect actuation is reported. 

(3) the technical problem of a term — electromagnetism — for obtaining the driving force of 
business with the electric relay by the solenoid and the permanent magnet, a limitation is in the 
miniaturization of the volume. Therefore, it becomes difficult to contain height in a package 
8.5mm or less in design. Incidentally it is described that the height dimension of the package of 
the reflective mirror form optical fiber switch of said example of a patent is 20mm. 

[0013] The purpose of this invention is to offer the reflective mirror form optical fiber switch 
which solved the technical problem of the conventional reflective mirror form optical fiber 
switch mentioned above. If it says in more detail, be hard to be influenced of external force, 
such as repeat repeatability which was [ the technical problem of the reflective mirror form 
optical fiber switch of this invention ] small, and was stabilized and vibration, and an impact. [ of 

(1) insertion-loss value ] 

(2) Be hard to receive malfunction by the magnetic induction from the outside. 

(3) The height of a package is that are 8.5mm or less and attachment to the printed circuit 
board of 1/2inch mold is possible. 

That is, this invention is to offer the reflective mirror form optical fiber switch with which are 

satisfied of the above three conditions. 

[0014] 

[Means for Solving the Problem] In order to attain said purpose, the reflective mirror form 2x2 
optical-fiber switch by this invention the optical-axis symmetry of a lens — the optical fiber F1 
of a pair, and F2 1st arranged collimator lens assembly C1 the optical-axis symmetry of a lens - 
- the optical fiber F3 of a pair, and F4 2nd arranged collimator lens assembly C2 Make said 1st 
and 2nd collimator lens assembly counter, an optical axis is made in agreement, and it is said 
optical fiber F1. Said optical fiber F4 and said optical fiber F2 The alignment block B supported 
so that said optical fiber F3 may make optical connection The reflective mirror shaft prepared 
in the boss prepared in said alignment block in parallel with the optical axis of said lens 
pivotable, The 1st location which it is prepared [ location ] in said reflective mirror shaft, and 
makes the optical axis of said lens reflect the light from said each optical fiber in a right angle 
to the focal plane of said lens, It consists of driving means which drive the reflective mirror 
assembly which consists of a reflective mirror in which between the 2nd location made to 
penetrate is established movable, and a guidance means to specify the squareness of said 1st 
location of a reflective mirror on the basis of said alignment block, and said reflective mirror 
means. 

[0015] Said 1st and 2nd collimator lens assembly can be made into the optical fiber of a pair, 
the ferrule which supports said optical fiber, and the rod lens of abbreviation 0.25 pitch 
connected with said optical fiber at a ferrule edge, respectively. Said driving means can use the 
micro motor which prepared the engagement section with said reflective mirror assembly in the 
revolving-shaft edge. The quality of the materials of said reflective mirror are metal, such as 
stainless steel, can carry out with a hardness [ MHv ] of 1800 or more Ti-N coat processing to 
both sides of said metal, and can use the reflective mirror to which high reflection factor coats, 
such as gold (Au) and platinum (Pt), were made to adhere by sputtering or chemical plating 
further. The permanent magnet which approaches or touches the revolving shaft of a reflective 
mirror can be laid under the alignment block, and the self-hold device in the angle-of-rotation 
edge of a reflective mirror can be established. 

[0016] In order to attain said purpose, the 1x2 reflective mirror form optical fiber switch by this 
invention 1st collimator lens assembly C1 which maintained the spacing d fixed in parallel at the 
optical-axis symmetry of a lens, and has arranged the optical fiber F1 of a pair, and F2 the 
optical axis of a lens — parallel — said optical axis to spacing d / 2 — maintaining — one 
optical fiber F4 2nd arranged collimator lens assembly C2 Make said 1st and 2nd collimator lens 
assembly counter, an optical axis is made in agreement, and it is said optical fiber F1. Said 
optical fiber F4 The alignment block B supported so that optical connection may be made The 
reflective mirror shaft prepared in the boss prepared in said alignment block in parallel with the 
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optical axis of said . lens pivotable, The 1st location which it is prepared [ location ] in said 
reflective mirror shaft, and makes the optical axis of said lens reflect the light from said each 
optical fiber in a right angle to the focal plane of said lens, It consists of driving means which 
drive the reflective mirror assembly which consists of a reflective mirror in which between the 
2nd location made to penetrate is established movable, and a guidance means to specify the 
squareness of said 1st location of a reflective mirror on the basis of said alignment block, and 
said reflective mirror means. 

[0017] In order to attain said purpose, the 1x1 reflective mirror form optical fiber switch by this 
invention The collimator lens assembly which arranges and constituted the optical fiber of a pair 
in the optical-axis symmetry of a lens, and the 1st location which inserts a reflective mirror in 
the focal location of said lens, and makes connection with the optical fiber of another side from 
one [ said ] optical fiber, In the reflective mirror form optical fiber switch moved to the 2nd 
location evacuated from a focal location Said collimator lens assembly and the alignment block 
which supports said reflective mirror, The reflective mirror shaft prepared in the boss prepared 
in said block in parallel with the optical axis of said lens pivotable, The reflective mirror which is 
prepared in said reflective mirror shaft and made to haunt the image formation side of said 
optical fiber at a right angle by the optical axis of said lens, It consists of driving means which 
drive the reflective mirror assembly which consists of a guidance means to specify the 
squareness of said 1st location of a reflective mirror on the basis of said alignment block, and 
said reflective mirror means. Said guidance means can be used as the reflective mirror or flange 
which carries out sliding rotation at the flat surface formed in the optical axis of said lens with 
which said alignment block is equipped at the right angle, and said flat surface. 
[0018] 

[Embodiment of the Invention] With reference to a drawing etc., the gestalt of implementation of 
the reflective mirror form 2x2 optical-fiber switch by this invention is explained first below. In 
addition, the reflective mirror form optical fiber switch by this invention can be carried out also 
with the gestalt of 1x2 and 1x1 so that it may mention later. Drawin g 1 is the outline top view of 
the example of the reflective mirror form 2x2 optical-fiber switch by this invention, and is an 
optical fiber F1. F2 and F3 F4 The condition of having connected is shown. It sets in said 
example and drawing 2 is an optical fiber F1. F4 and F2 F3 The condition of having connected is 
shown. Optical fiber F1 F2 It connects with the 1st collimator lens at the optical-axis 
symmetry, and is the 1st collimator lens assembly CI. It constitutes. Optical fiber F3 F4 It 
connects with the 2nd collimator lens at the optical-axis symmetry, and is the 1st collimator 
lens assembly C2. It constitutes. Such collimator lens assembly C1 and C2 An optical axis is 
made in agreement with the alignment block B, and it is supported. The reflective mirror 
assembly MA is formed in the alignment block B rotatable, and is driven by the driving means 
(motor) MO. 

[0019] Drawing 3 is the outline top view of the example of the reflective mirror form 1x1 
optical-fiber switch by this invention, and is an optical fiber F1 . F2 The condition of having 
connected is shown. It sets in said example and drawing 4 is an optical fiber F1. F2 The 
condition of not connecting is shown. Structurally, it is the collimator lens assembly C2 of the 
above-mentioned operation gestalt. It corresponds to the condition of having removed. 
[0020] Hereafter, with reference to a drawing etc., the embodiment of the reflective mirror form 
optical fiber switch by this invention is explained in more detail. Drawing 5 is the top view 
having fractured and shown a part of example of the reflective mirror form 2x2 optical-fiber 
switch by this invention. Drawing 6 is the side-face sectional view having shown operating state 
with said example, and drawing 7 is the side-face sectional view having shown other operating 
state of said example. Drawing 8 is the flat-surface sectional view having shown the condition 
of having attached the reflective mirror 9 to the alignment block 4. 

[0021] The mounting holes 7 and 8 of rod lenses 5 and 6 are formed horizontally (the optical- 
axis ZZ direction), and the insertion hole 1 1 of the revolving shaft 10 of the reflective mirror 9 
is further formed in the alignment block 4 in parallel at the same axle. The parallel alignment 
datum level (XY flat surface) 13 and 14 which sticks to the reflective mirror 9 and a flange 12, 
respectively, and guides them perpendicularly (optical-axis ZZ right-angle side) is established in 
the insertion hole 1 1 of the revolving shaft 10 of the reflective mirror 9 at the right angle. The 
rocking angle-of-rotation regulation side 15 of the reflective mirror 9 is further established in 
the alignment block 4. Furthermore, the hole 17 for laying the permanent magnet 16 for jogging 
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prevention qf the reflective mirror 9 underground in contact with a revolving shaft 10 is 
prepared and constituted. 

[0022] In the 1st ferrule 18, it is an optical fiber F1 and F2. It has attached in the position of 
symmetry to the medial axis of a ferrule. Main doubling is made the end side of a rod lens 5, the 
end face of this ferrule 18 is pasted up with optical adhesives, and it is the 1st collimator lens 
assembly C1. It manufactures. In the 2nd ferrule 19, it is an optical fiber F3 and F4 similarly. It 
has attached in the position of symmetry to the medial axis of a ferrule. Main doubling is made 
the end side of a rod lens 6, the end face of this ferrule 19 is pasted up with optical adhesives, 
and it is the collimator lens assembly C2. It manufactures. 

[0023] The reflective mirror 9 and a flange 12 are fixed to a revolving shaft 10 with laser spot 
welding or a metal pewter. A motor 20 is a DC micro motor with an outer diameter of 7mm, and 
power is supplied through a feeder 25. The bush 22 furnished with the eccentric pin 21 is 
combined with the revolving shaft 23 of a motor 20. The eccentric pin 21 is made to engage 
with the notching slot 24 established in the reflective mirror 9. In consideration of improvement 
in the endurance of the reflective mirror 9, and a reflection factor, the quality of the material 
was made into metal, such as stainless steel, carried out with a hardness [ MHv ] of 1800 or 
more Ti-N coat processing to both sides, and ground it to the mirror plane of about 5nm of 
surface roughness. And the thing to which high reflection factor coats, such as gold (Au) and 
platinum (Pt), were made to adhere by sputtering or chemical plating was used for this polished 
surface. 

[0024] Drawing 8 is the prefabricated-frame-structure Fig. which attached beforehand the 
reflective mirror 9 of the reflective mirror form optical fiber switch of this invention shown in 
drawing 5 - drawing 7 to the alignment block 4. As mentioned above, it depends especially for 
the insertion optical loss of a reflective mirror form optical fiber switch on the right-angle 
precision of the 9th page of the reflective mirror to the rod-lens optical axis ZZ when inserting 
the reflective mirror 9 between the 5 or 6th page of rod lenses greatly. Solution of this problem 
is the important purpose of this invention. As the reflective mirror form optical fiber switch of 
this invention is shown in drawing 8 as a maintenance device in which an optical axis ZZ is 
made to carry out rocking rotation of the reflective mirror 9 at a right angle, for this solution, 
the parallel alignment datum level 13 and 14 of the 2nd page is established in the alignment 
block 4 at the optical-axis right angle (XY). 

[0025] Since the alignment block 4 is manufactured by precision machining, the right-angle 
precision error and parallel precision error of the alignment datum level 13 and 14 over 
mounting holes 7 and 8 are controllable within 0.001mm per 5mm each length. When converting 
this value into the include angle, it was tan0.01 1", the calculated value of the insertion optical 
loss in this case is the same conditions as what was mentioned above, and was set to about 
0.053dB or less, and even if it included other cumulative errors, manufacture of the reflective 
mirror form optical fiber switch for single mode optical fibers of the 1.0dB of the maximum 
insertion optical losses was attained. 

[0026] Since it is necessary to secure strictly the repeat repeatability of the right-angle 
precision of the 9th page of the reflective mirror to the optical axis ZZ of the rod lenses 5 and 
6 when inserting the reflective mirror 9 between a rod lens 5 and 6 end faces, reflective mirror 
assembly is attached and assembled in the following procedure to the alignment block 4. 

1) It has inserted in the hole 1 1 prepared in the insertion hole of the reflective mirror 9 from 
the alignment datum-plane 13 side through the revolving shaft 10 at the alignment block. And a 
location is decided that the end of the reflective mirror 9 comes to the location of the rod-lens 
mounting holes 7 and 8, and the reflective mirror 9 is made to unite with a revolving shaft 10 
with laser spot welding or a metal pewter, pushing so that the reflective mirror 9 may be stuck 
to the alignment datum level 13. 

2) Next, insert a flange 12 in a revolving shaft 10, and make it unite with a revolving shaft 10 
with laser spot welding or a metal pewter, where the reflective mirror 9 is stuck to the 
alignment datum plane 13, pushing so that a flange 12 may be stuck to the alignment datum 
plane 14 of the opposite side. After assembling reflective mirror assembly and the alignment 
block 4 to one beforehand in the above procedure, they are the collimator lens assembly C1 
and C2. It inserts in mounting holes 7 and 8, respectively, and assembles. 

[0027] Next, the drive of said example is explained further. As mentioned above, the bush 22 
furnished with the eccentric pin 21 is combined with the revolving shaft 23 of a motor 20, and 
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mirror assembly is operated by rotation of this motor 20. In this example, the DC micro motor 
20 with an outer diameter of 7mm or less which is a closed circuit magnetically is adopted as 
this motor 20. Thus, by making a motor 20 into the driving source of the reflective mirror 9, it 
has considered as the configuration which cannot receive easily malfunction by the magnetic 
induction from the outside which became a problem with conventional equipment. Since this 
motor 20 is small as mentioned above, it can miniaturize the height of the whole assembly in 
8.5mm or less. Therefore, the switch by this example is attached to the printed circuit board of 
1/2inch form, and can be used as a reflective mirror form optical fiber switch of business. 
[0028] Next, the brake mechanism of the mirror assembly of said example is explained. Although 
mirror assembly receives the damping force by the commutator of the DC micro motor 20, and 
the frictional force between brushes, it forms a permanent magnet 16 in the revolving shaft 10 
of mirror assembly further at a right angle, and, thereby, makes a suction force act on the 
revolving shaft 10 of the reflective mirror 9 in this example. It energized especially on said 
motor 20, after carrying out fixed include-angle actuation, it acted on said shaft, and generating 
of unnecessary bound etc. is prevented. That is, the attraction of a permanent magnet has 
realized the latching form (self-hold form) reflective mirror form optical fiber switch which does 
not always require energization. In addition, although illustration was omitted, the same 
effectiveness is acquired also by attracting a flange and giving damping force by this brake 
mechanism's laying a permanent magnet under the perimeter of the revolving shaft 10 of the 
reflective mirror 9 at axial parallel, and using the flange 12 made from a magnetic material. 
[0029] The operating state of one example of the reflective mirror form 2x2 optical-fiber switch 
by this invention which carried out the assembly configuration as mentioned above is explained 
below, alpha** rotation of a micro motor 20 is done rightward, the eccentric pin 21 contacts 
and stands it still to the rocking angle-of-rotation regulation side 15, and drawin g 6 shows the 
condition that the reflective mirror 9 was inserted between the 5 or 6th page of each rod lens, 
in this case, optical fiber F1 And F3 from — outgoing radiation light — the reflective mirror 9 - 
- reflecting — each optical fiber F2 And F4 Incidence can be carried out. 
[0030] A micro motor 20 is carried out leftward alpha** inverse rotation, the eccentric pin 20 
carries out contact quiescence in the rocking angle-of-rotation regulation side 1 5, and drawin g 
7 shows the condition that the reflective mirror 9 was removed from between the 5 or 6th page 
of each rod lens, in this case, optical fiber F1 And F3 from — since, as for outgoing radiation 
light, the reflective mirror 9 is removed from between a rod lens 5 and 6 — each optical fibers 
F4 and F2 Transparency incidence is carried out. Therefore, it is an optical fiber F1 by inserting 
or removing the reflective mirror 9 between a rod lens 5 and .6. It is an optical fiber F1 about a 
circuit. Or F4 Optical switch actuation switched to a circuit by turns can be performed. 
Similarly, it is an optical fiber F3. It is an optical fiber F3 about a circuit. Or F2 Optical switch 
actuation of 2x2 circuits switched to a circuit by turns can be performed. 
[0031] Here, it is an optical fiber F3. When not using it, as shown in drawing 3 , a reflective 
mirror form 1x2 optical-fiber switch can be constituted. 1st collimator lens assembly C1 The 
spacing d fixed in parallel is maintained at the optical-axis symmetry of a lens, and it is the 
optical fiber F1 of a pair, and F2. It arranges. 2nd collimator lens assembly C2 Spacing d / 2 are 
kept parallel to the optical axis of a lens from said optical axis, and it is one optical fiber F4. It 
arranges. Make said 1st and 2nd collimator lens assembly counter, an optical axis is made in 
agreement, and the alignment block B is said optical fiber F1. Said optical fiber F4 It supports 
so that optical connection may be made. 

[0032] The reflective mirror shaft prepared in the boss by which the reflective mirror assembly 
MA was formed in said alignment block B in parallel with the optical axis of said lens pivotable, 
The reflective mirror in which between the 1st location which it is prepared [ location ] in said 
reflective mirror shaft, and makes the optical axis of said lens reflect the light from said each 
optical fiber in a right angle to the focal plane of said lens, and the 2nd location made to 
penetrate is established movable, It consists of guidance means to specify the squareness of 
said 1st location of a reflective mirror on the basis of said alignment block. Said reflective 
mirror assembly MA is driven by the driving means. 

[0033] in this case, optical fiber F1 from — the time of the reflective mirror 9 being inserted 
between a rod lens 5 and 6, as for outgoing radiation light — optical fiber F2 the time of 
incidence being carried out and the reflective mirror 9 being removed from between a rod lens 5 
and 6 — optical fiber F4 Incidence is carried out. Therefore, it is an optical fiber F1 by inserting 
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or removing the reflective mirror 9 between a rod lens 5 and 6. It is an optical fiber F2 about a 
circuit. Or F4 Optical switch actuation of 1x2 circuits switched to a circuit by turns can be 
performed. 

[0034] Moreover, collimator lens assembly C2 mentioned above As shown in the configuration 
which is not used, then drawing 4 , it is an optical fiber F1. It is an optical fiber F2 about a 
circuit. The optical switch of 1x1 circuit which **** can be constituted. Collimator lens 
assembly C1 It is the optical fiber F1 of a pair, and F2 to the optical-axis symmetry of a lens. It 
is arranged and constituted. A reflective mirror is inserted in the focal location of said lens, and 
it is made to move to the 1st location which makes connection with the optical fiber of another 
side from one [ said ] optical fiber, and the 2nd location evacuated from a focal location. The 
alignment block B is said collimator lens assembly C1. Said reflective mirror assembly MA is 
supported. The guidance means formed in the boss prepared in said block B in parallel with the 
optical axis of said lens pivotable is formed in said reflective mirror shaft and said reflective 
mirror shaft, and the squareness of said 1 st location of a reflective mirror is specified on the 
basis of the reflective mirror made to haunt the image formation side of said optical fiber at the 
optical axis of said lens by the right angle, and said alignment block. 
[0035] 

[Effect of the Invention] Since the maintenance device of the reflective mirror of the reflective 
mirror form optical fiber switch of this invention is constituted as mentioned above, its 
insertion-loss value is small, and its stable thing repeatedly been hard to be influenced of 
external force, such as repeatability and vibration, and an impact, is clear. Furthermore, by 
adoption of the DC micro motor 20 with an outer diameter of 7mm or less which is a closed 
circuit magnetically, since the height of a package was miniaturized in 8.5mm or less while 
making it the driving source of the reflective mirror 9 which cannot receive malfunction by the 
magnetic induction from the outside easily, it attached to the printed circuit board of 1/2inch 
form, and manufacture of the reflective mirror form optical fiber switch of business was 
attained. Furthermore, the suction force of the permanent magnet 16 which acts on the 
commutator of the DC micro motor 20, the frictional force between brushes, and the revolving 
shaft 10 of the reflective mirror 9 has constituted the latching form (self-hold form) reflective 
mirror form optical fiber switch which does not always require energization. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the outline top view of the example of the reflective mirror form 2x2 optical- 
fiber switch by this invention, and is an optical fiber F1. F2 and F3 F4 The condition of having 
connected is shown. 

[ Drawing 2 ] It sets in said example and is an optical fiber F1. F4 and F2 F3 The condition of 
having connected is shown. 

[Drawing 3] It is the outline top view of the example of the reflective mirror form 1x1 optical- 
fiber switch by this invention, and is an optical fiber F1. F2 The condition of having connected is 
shown. 

[ Drawing 4] It sets in said example and is an optical fiber F1. F2 The condition of having cut is 
shown. 

[Drawing 5] It is the flat-surface sectional view of the example of the reflective mirror form 2x2 
optical-fiber switch by this invention, and is an optical fiber F1. F2 and F3 F4 The condition of 
having connected is shown. 

[ Drawing 6 ] It is an optical fiber F1 at that of said example. F2 and F3 F4 It is the side-face 
sectional view shown according to the connected operating state. 

[ Drawing 7 ] It is an optical fiber F1 at that of said example. F4 and F2 F3 It is the side-face 
sectional view shown according to the connected operating state. 

[ Drawing 8 ] It is the flat-surface cross section which shows the condition of having attached 
reflective mirror assembly to the alignment block used in said example, and said block. 
[ Drawing 9 ] It is the schematic drawing for explaining the effect of the inclination of the 
reflected light mirror of reflective mirror form assembly. 

[ Drawing 10 ] It is the schematic diagram of the conventional reflective mirror form optical fiber 
switch. 

[ Drawing 11] It is the schematic diagram showing other operating state of said conventional 

reflective mirror form optical fiber switch. 

[Description of Notations] 

F1, F2, F3, F4 Optical fiber 

C1, C2 Collimator lens assembly 

B Alignment block 

MA Reflective mirror assembly 

MO Driving means (motor) 

I Two Rod lens of 0.25 pitches 

3 Reflective Mirror 

4 Alignment Block 

5 Six Rod lens 

7 Eight Mounting hole 

9 Reflective Mirror 

10 Revolving Shaft 

I I Insertion Hole 

1 2 Flange 

13 14 Parallel alignment datum level (XY flat surface) 

15 Rocking Angle-of-Rotation Regulation Side 

16 Permanent Magnet 
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17 Hole 

18 19 Ferrule 

20 DC Micro Motor 

21 Eccentric Pin 

22 Bush 

23 Revolving Shaft 

24 Notching Slot 

25 Feeder 
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DRAWINGS 



[Drawing 1] 




[ Drawin g 2] 




[Drawing 3] 
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[Drawing 5] 
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[Drawing 9] 
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\zmm-2*lZ>ti&0 . 2 5 hf y^WD-y H U->Xtt"-5C 

itfrfeHtt$7-©tt»ttX^>UXfi&£© 
&«§3T$>0. iftfH&JSCDMSlCSI^MHv 1 8 o ot* 
±<DT i -N&mmW&ft SSld^ (Au) , y°y 
(Pt) ftfO»E»*«iiXAy ^ 'J >^S fc 

\*<t¥*y*tt&z&K>tfmt!tt&.ms.7-&mm-t 

^*^MS5*S^jyp-v^CtiHS:bTHSt5 ^-©IhIIk 

[0 0 16] fWEBlWSrjifirf #S£BJi 
lX2SW5 7-I3t7 7-f;U-f7f(t 1/>X*©?6 

AF, , F 2 $rKBbit^l<7)nU^— ^l/>X*ffii£C l 
t. l/>7:co^fftir¥fTfCHfffB^tli^e»^IS5d/2^ 
R?T- 7 r-f AF 4 £B«bfc3B2©=HJ;* — 
^i/>x'M5i:c 2 <h. iRSiMi;i2oaij^-i' 

af, tmmytyr-f af 4 ^^mt^^c^ 
-rs^yya 7^Bt, buibm^j^p ^ izmmu>x 

HM5 7-i, Striesw-s^— wcts:tte.nfliHEu>x 

^•jya &S2p(c LTSWS 7— <DMmm 1 ©fi«© 
[0 0 17] lWEBW?&aritr*&«)k:.'*5HBfcJ:* 

1 x ijkw= 7-^3t7T-r/N'x-r u>x©?6 

iWl*t$fclC— *f CD5f7 7 -f A'^BEM UTM bfc 

puyxma. immu>X(DM&tiLW\zfcii*y-&m 

A bTflfrfB— 77 ©Tt^ 7 -f A**> toTj C0?t 7 7- -f /N*^© 
v-WftyT^rtX-l y^lzte 

n<Dm®m \z mm v > xv>ytmzm.ik \z ajg ^ <=, n-s 
mmm^i-y a y ? \zmm-ztiz>mmu >x<DX.mizw.& 
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"[0018] 

r-f/Ui' •y^te&irr^J^t;: l x2. l x iofl 
TfcHfiET-if Eifct. *%ia{ci?,SW5^-^2 

T, 3^77^/^, £F 2 , F 3 tF 4 £jg^Lfctt«j 

F, <tF 4 , F 2 £F 3 5MIbttI*SbTV^„ 

Jbyyi AF, tR, ^I«n>j^-^i/>xtc3t$i 
»WK»«Sn, JBlOH'J^-^U'>X!tftSCC l 

sic, , c 2 ttsw^ay^Bkiaiett*— »s*T3d« 
snt^a. sits 7— miLMAtemm-ju-yi/BiziBi 
mnsmizmiztiTisK), mm^wc (=e-3o Moict 

[0 0 19] 03H *%BJfCj;«.SIN-5 7-^l x 1 
«, iiufB^MWc^Tftyr-i'AF, tF, £&Mb 

u/-^i/>x«aitc 2 *»*bfctt»fc»jK'r*"b<D 

[0 0 2 0] £TF> @iafS#IUT, *58W»C«t* 
KM 5 y-WKy r-i AX-< y ^©S$fclB«S£ £lcf¥ 
L<K8i?-*. 0 5tt*58i|UCJ:SK»5 7-12X2 
ft 7 y -f ;U-f 7 «8MJr LT^ UfcJpB 

Lfzmmmmm~c$>z>o m 8 tts^j^a y ? a \zk®s. 

[0 0 2 1] »5ijyDy^4fctt, tK^TjIbJ (ftffliZ Z 
7? ft) C07Kk>X5, 6©35tft?L7, 8/WlWlK:, 
ZZizRHS. y-9(D®mmi 0 ©JfA?L 1 lWW-frlZ 
RW&tlTH*. SiSTjlS] (ftWZ Zjt&ffi) tcKStS 

5-9*5j;^7'7>v ; i 2(c^-n^-*n, ^*bx^rt-r 

5¥ff&^'J*2pffi (XY^S) 13, 14)1«»S7 
-9<D[s]teWll 0©J?A?L1 1 \zW.ft\Z.m-f<btlT^ 
3. ^UXn-vi/ 4(c«se,{c, SM5^-9wfigi!)|p] 

— 9 <DffiLmffi±<DfcS£><D7kjKMG 1 6 ^Ultett 1 0 \Z& 
LTMW>TZ>fr&(Dll 1 7 £I&W-T«firr& = 

[0 0 2 2] «lC57i;MH8IIttJt7 7i'A'F 
, , F 2 &7 ^)l—)l<D^-bmzttl,-T:ttfo®.W\ZW.tt 
&7T&&. ^©7i;MH 8fflSffi*D^ Kl'>X5 



®7iJHH 9tCte, 3t77^AF, , F 4 $7iJl. 
iJl/— )V1 9(Diffiffi&Uy HU->X6W— «SSfc<f'L--& 

scc 2 s«^r*. 

[0 0 2 3] J£&t$7— 9 i77>'71 2te, Hfctt) 1 

0 ©UlteHb 2 3 \zm>b¥> 2 1 SBtfl-W&^y S'a. 2 2 
^$nTH5. <B»C>tf>2 1«, S»5 7-9l;S 

<h*CD^P®<tb, iMffidSI^MH v 1 8 0 0jy.±©T i 

-Nmmmmzfr 5 nme^teictfi 

Lfc. ^IT> dWW^ffitC^ (Au) , 7*7^7- (P 

[0 0 2 4] i8H m 5~0 7{C^:bfe*5£B^©MW 
5 7— Jt^ft 7 y^f AX >7^C0S*f 5 7— 9 £^?>Jy*a 

y^4fc»6j8»i;j&iia#^fcia]ficfliitiaT?**. Mai© 

Jcvfc, S*t5 7-^3t7r-f AX-T 77^#Aft»^ 
tt. WICDy HU>X-5, 6ffim»CSW5 5-9 £fll A 
bfcttoa^ Fl^XftttZ Z{C*f-r^JgW5^-9 

57- ^^T-fAX-f y^tt, JKtt$7— 9£ftttlZ 
£?IZ, 9m7~ayt7 4\Zltttmfi (XY) fc¥fr& 2 

B©$£F"JS*PB 13, 14 ^E&tfT&S. 

[0 0 2 5] g?iJy*D -y i; 4 D JMP 

f ®tt?L 7 , 8 (£2*-r3fi?iJ*2pig 13, 14 

^0. 0 0 lmmJ^l^lC^jT-^-g.. CWffl^AStC^ 
^-rtlti. tanO. Oll'TiD. C(D^-&©JfA 
? l 6»*©ffh^ffittBfiaiL.fe i 6)«t|Slb^frT-, *J0. 0 
5 3 dB£ATtC^Cl3. -ecDft&(D^«^||^4?)Tfe*A 

«57 r -r Ax-f 5=-o«f^*« Blflgtc^o fc. 

[00 2 6] D7H1/>X5, 6Sir 0 1tMlt5 7-9 
iffALfct^a^ Kl/>X*5, 6 ODTttfi Z Z (c*f T 
*R»3 7-9 BSoatft»«0*»)iBlxf|Jatt*jK«K: 

m&-?2>!&m&&2>tztt>\z, sM3 7-*&5itts?'j7*p 

1 ) 1 0 £r£M= 7-9 cojf ATLfCilLTfi^J* 

2PS1 3ffld*^^Jy*D>y^{r|SltfcJLl ItCjfALT 

tt?L7, 8<0fi[Bfc:<-2)J:7f''iae^*Je)T, K»$7 

-9*s^j»^®i 3jc^*-r-&ct7jc}f Xs-Dnttsifi 
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5, KM$7-9&U.—*?X#yb®m£fcl*&m/\> 

2) XIZ, £J&5 5-9£g?«*piB 1 3tC^#$-&fc 
-ttfilT. 75>^1 2S0teWll OCjfAU. 75>y 
l 2 *S*f#J©!S5iJ«ipiS 1 4tc^«T^»«k^fcffU'o 

TlellBittl 0 <h— 13-3. JW±©^Ji]rc&?>7^i;4£> 
SMS tS^iJ^P 7^4 Z—mzMZLTTcW: 

[0027] mzmzmmm<DmW}mffiiz-o\,*T2 *>iz 
m.wtz><, mi&vt^o\z. ^ 2 ocoiHite$i&2 3 tc 

(S'ij>tr>2 1 5Mitfc^7->i 2 2^,1S^$nT*5 

o. cot^-^2 o<7DiHitetc«fc0 5^-*as:^i!)^$-a- 

lCgflHlS&-Cfe-5^7mmJi(.T©DC-7-r^D ; E:— ^ 2 
0SRffll/T^5. ZW&oiZ*:—? 2 O^RfcU^ — 
9 ©gglSlUcTa £ <!: tC<k 9 . «®8lTf3itfto 

Tfc3„ c©^:-^ 20«fiai<D t t'5ic/h^-eab?)^ 

£>. £#©M\Z:©i£S$£:8. 5 mml^TfC/jN^tT^ 
*. Lfcj&t-pT. d©SaiSWfcJ:*^-f y^tt. 1/2 

7 -1* AX -f y ? £ b TfiJffl ^ . 

[0028] ^zmmmmm<D^ y-$&tLo>$mmffiiz 

■O^TsStWlTZo 5 5-fflSr«DCV-1 , i7D^:-^ 2 0 

2KOHJ(fi«Ttt3 6k:5 5-|ftSCOEWEttll OlCjl^tC 
fctKffift 1 6 H SSt5 7-9©(afe 

Ml 0K»gi2j£«UBS-&*. tttcMIE'E— ^ 2 o\zm 

A!&5£,R» = 5- 9 ©SteWi 1 0 ©raBfc*&¥frKUl 
RbT. 8ttttS8077>yi 2 6fi5It5CttJ: 

[0 0 2 9] et±©«t^K:lific«lfi!iUfc*«IBK:«t*K 

st5 7-jg2 x 2^7r-r/N*x-r^9 i ©iii*s^J©^®) 
^isiica' iEiteLT<i^tf>2 ia*. jgftiatea goafs 

® 1 5 fcSftfeLSfrltbT. fi»5 7-9!)<*DyHU> 
X*5, 6ffilfflfCjf A^nfcttffi^^-To £©S^. 3t7 

oTJKWLT^^^T'r'r AF 2 *«ktfF 4 tAWTT* 
a. 

[0 0 3 0] 07H -ViZU^—i? 2 O^fcfrfSl'Ca 
° 2»llltebT<S^tr>2 OjWSl&lHUSaftJgiWffil 5K 



ittMbT, S»57-9A<#D7h'l/>7C5, 6® 
IB*> 5 BfcS * nfctt8 s a^-r o d © »^J6 7 7 -f AN* F , 
iS«fctfF, *^OtbW7t«, Si*3 7-9««Dy HU> 
X*5, 6W6iS$nXUI.OT§*)t7r'fAF 4 
*5i;0*F 2 fcajfiASt-T*. IfcJi^T, 

oT, ft^r-fAF, iM3t7 7-f/tF, £fc«F 4 

fc, 3t7 r-f /tF, HBHfe^r-l'AF, *fc»4F, HI 
BfcXSfcSJiJifcAS 2 X 2(@1SS©7 , 6X^ y^»f^3&»-p 

[0 0 3 1] #7 7-1* A F, 

14, El 3 K^T «fc "5 fc, K»3 5— JB1 x 2 3t7r-f A 
XY7f*«fi)ct*r<!:^Tt?., ^l©n'J^.— ^1/ 
>XifiVz:C l 14, U->X©7tW*f#^¥-ff fC— 5t©HS]RS 
dSrffitsT. — M©7t>'T-f AF, , F 2 SrgEgbfcfc 
©T&3. m2©n'j7<-^l/>X*«i5iC 2 «. 1/>X* 
©ftWlfcWr , cmiB3ttt56^|jgS5d/ 2 *H£oT— #© 
7 I 67'T-1'A*F 4 £iH@L7cfc©T&5. W?\-?UyVQ 
'4, ffiK»l:feJ;t8B2©3U*— *U>^3£&»iej 
^iS-TTtffi^-Sfe^-B:, *}IB3t7r-f AF, £mjfS?tX 

[0 0 3 2] E&tS^-jjaStMAte, WflESEJfl^D y ^ 

b \zffim v yxo^tmz *pff fct&w- 6 nfcttTLJcnite 
e. ntuE u >x*©«,^® \zmm u >x<oytmzm& izm 

[0 0 3.3] d©^(Cf4, 3t77-fMF, ^e,©ttSlt 
7tt4S»5 7-9^p> 7 \tU>X5, 6f B 1CjfA^nx 
tiSfc*K:f43ie7r-f AF, (CAW^tl, S*t5^-9 
«*D-y K1/>X*5, 6ra*^^SSnT^St^tCJ43t 
77^/-iF, fCAS*$na. l/fc*bT, SW55-9 
<£D-> Kl/>X5, 6ffl{clf A*fct4^-raci: , C < J; 
-3T3t7r-f AF, lfili^^3t7T-1'/N-F J Sfcl4F 4 El 
S^{c3^S(c^)0^x.a l x 2 [Hj^roTtx-r •y^Rif^^-r' 

[0 0 3 4] £tzwl&Lf^iJ U>XmiLC 2 & 

AF, m'&ZyL7 7-1 AFj ^gEWTa 1 X Kh]^©^ 
X-f ^^*«^-ra^<h^7r#a. 3U/-^U>XI 

SiC, tt. U>X*©7t*fi*flS5»C— ^©^7 7^/^, , 
Fj £ieSLTflf/*£nTV>3,, SfHEl/>X*©^fi[« 
tcSM5 7-S:#AUT, WIS— 75 ©ft? y-TA#>£ flM 
TjWTtXr-f A-v©^$rff ^^l©{4gt, M^feg 

7j^jis-ra^2©fiBtc^a$-&^ 0 mm-yuy^B 
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sfriasws^-fiii. ifimRm^y-mzm-t*, 
ti, mmyty r-r rt<ni&mmzmmi'>x<z>ytmzw.& 

lzm&-£-&£>ftZ>fc%is.i7— . iiuf5g^J:/n>.y:7£^ip 

3. 

[0 0 3 5] 

7mmHT»DC7^!>D^-^ 2 OOSffltioT. 

9<7)|g®)^JC-rS<h<h 1 b{C < AW^r— v?©jB££8. 5 
mmjy.TlC/h^kT^^CDT-. 1 / 2 O^CDTOIIh] 

Sfl^pJflgfcl&ofc. SStC. DCV'f ^ — ^ 2 0 

w^sftTt^^^KcTD^^fe^^si^s 7— 9 ©me 

Ml 0 tC^ffl-T?)7l<AfiS6 1 6©*gi2lK«I:TjT. ?£P# 

-f y?©ife!(E#J©Wl!]§¥®0T&oT, ft? y-f A*F, 
iF, , F 3 iF, *tt«lELfc«IB€wUTH-6. 

[0 2] wffBSIJ(fi^J»Ci3^T)t7r-f A*F, iF, . F 
2 iF 3 £aiUfe«I^tTV^„ 

[0 3] *m%\Z£.Z>K$ti?i7-Ml X Dt75"f;U 
-f -y^cDll^JwtSlPi&¥®0^£>oT, ft^r-f AF, 
tF, &Jft|*bfc#iB£5SbT^S. 

[04] fltfESeM«»C*VsT3t7r-f AF, tF, S«J 

[0 5] #fPJ!(Cj;3jK#JS5-fl2 2 X 23t77-f/U 
-f u/?©HM0>JcD^PBD»fH0Tfe-s.T, ft^r-fAF, 
iF 2 . F 3 tF, ^iLfcti^LTHS. 

[0 6] itfffe^^JcDTft^y-l'AF, iF,, F 3 i 

[01] 




B(4) 



F 4 *SE«tUfciMPttlBT*bfcfl!l®WfflHT»a. 
[0 7] MfE^M^JWT^^r'f AF, iF, , F 2 i 

[0 8 ] BJife^is«ajT^ffl-r^§^j7*D y t tmiya 

[0 9] M#t5 7-Mm.\KD&mytZ 7-<Dm^C0§i*S 
&®.WT Z> fcJ6©D&0T-$. 5. 

[010] «©SWS7-^7r^;U^ ->^C0ffi 
B&0T&3. 

[011] StrlE«e*<0Slt3 5-^7y-r /U-fyf 
Fi . F 2 . F 3 , F 4 3t7 3-fA 

c, . c 2 nu^-^i^>Xifaic 
ma ^-ffiiz: 

MO gggj^g: (^—5>) 

1, 2 0. 2 5h!7foayHl/>X 

3 

4 S^iJ^D-y^ 
5, 6 a-yFU>X 
7, 8 #tt?L 
9 M»3^~ 

I 0 Hlte$ft 

I I n A7L 

12 75>-7 

13, 14 ¥fTft&5>J*2PiB (XY¥ffi) 

1 5 mmm^mmpm 

1 6 3cAJ£5 
17 JL 

18, 19 7iJH^ 

20 DCY-fi'Dt-^ 

2 1 d/ij>fcr> 
2 2 :/<y->rL 
2 3 HteM 

2 4 iS:WSS 
2 5 



[0 2] 
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[0 3] 



[04] 



[0 6] 




XY~XY 



[0 8] 




XY 



[010] 





[8W0] 2*£8E 2 30 (2 0 0 0. 8. 2 

3) 

[^miE i ] 

, . F 2 &IEgbj£fSl©=l'J*— ^l^XSaftC, 

tto^z-rnF, , f 4 
fi?rfB^i*3<t^2CDnu^-^^>7^aa:s:5sHo]$-fr 

A*F 4 . flNKft^r-fAF, tWB3t!7r-f AF, jflWfe 

5 5 — MKtttt & ftii&K 1/ >X©«.&E fc WfE U- >X© 
iroMt, 2 ©tt«ffl£#»nri)gfcttW- 

s»5 i ©&«©«£*£«€?-*££¥ 

iSfCgS«SSn5IO&0. 2 5e7^D7h»XTS5 
««J|1E«0£»5 7-f3t7 7-f/U-f <y3% 



[M**4] £^3 5— ©ttRttX^UXflltei:© 
&«§S"T?&9, lHlfE&Jg©M®lcB!;SMHv 1 8 0 ojy, 
_t©T i -NSiii^l\ (Au) , ^ 

?± (Pt) 35ti»©J«RI*«MI*^/ty^iJ>y*fc 
ttftSM y *tz E \Z «k <0 £ tfcSlt 5 5 - L 
&iltS«iit5»5RJB 1 IEiE©S*t3 5-JB3t7 r 

[W3fcJH5] K»5 5-©Ete«|klifi»*fc»4»-r* 

1 fBSc©MSt3 7— Bit? r-i /U-f 
[IM*J£6] U>X©^tt^fcJpfTt— 3£©fflRSd 
SftoT. -»03t7r-fAF| , F 2 ^SEBbfc^l 

U>X©3t«Hc¥frk:mfla3t«l!^6|ilJWd/2*«oT 
— *©3t7T-f/tF 4 SIHBUfc»2©a'J^— 

flftflEft 1 *5«fctff§ 2 ©n 'J U>Xm$.&ttfil2l£ 
T3fc*lS— BcStt. ittJfEtt^y-f AF, £1HHE3fc:7 y-f 

af 4 tfytmmm-rz&viziim-rz&mT'aypB 
hmis^jxd y ? \zffim\s>x?>ytmz¥-?f \zmwzn 

&«i?LK:iHlte^riBK:»W6nfcK»3 5-tt. BufHSSt 
3 7— ^l)^t9:^etimffSl/>X©^ffi»c:mifBl/>X© 

i©&«£, Sias-a-s^2©teeH*gf»^rffitcig:^ 

Si* 3 7-©mifa^ 1 Ofifi©MI*l£tSi£f 
gt*^a5SMS7-afit> *3«t^mif2S^3 5- 

$Mm-rz>mmmmi:fr£>ffij#.vfcR&s. 1 x 2 

[fS*«7] ^>X©3tfft*f^tC-*f©3t7r'f/\'* 
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^ isat-r sjb 2 wee tc^sj s^sws?- 

JE^? T-f AX-f y^K&^T. 

7LK|gWEnriBK:KH-6nfcKSt5 7— Wi, BUlBjKI* = 7 
ayy £*2plc LTSMS 7— WlifrfBfS 1 W&BWifift 

<5St*Ift 1 fB«©J£«S ^-Uft^T'f AX-f y^. 

mm<Dmmtam.m] 

[0 0 0 1] 

X^A^tc&ffl^n^Ttxr-i'AX'f 7?l:Mt5. -t 

©•5 #ftbTKesnfc— ^©^T^Attg- 
[0 0 0 2] 

-f7f (USP 5, 7 4 2, 7 1 2) (C^^tlTI/^ 2 

-f*7 7-f AX-f y^fCPTS&CDT&S,, 04 A, 
0 4 B £#M bTmffHfi£*^a;c5K ft S 7 -f2X2)t 

U/-^l/>Xl, 2i:HW5^-3^fflbTVi-5„ 

fflftl£tl. iaS*-t;i/7*y^l/>X (SFL) ill 
Tfcflk^ttT^-S feCO^fUfflf-S 

[0 0 0 3] 01 0«. buIEX^ y^©n 'J *-^U-> 
X*|lSKKft3 7-£»AL/t*fc?«£. 01 lteHltS^ 

3'J*— ^I^Xl, 2iMI*S^-3^ffifflUTlt^ 

7KU>Xl, 2tt. B*«8ST*a;#*fcTHf8, SUB 
(t$n. ffi&*i-t)\'y*y>7\s>X (SFL) iL-TTtJ 

S©X-f7ftt. 3t»JR^«8 (WDM) , Tfcft&iig-g- 
gg (Splitter) , ^aTtXr^AX-l'y^&t'taSXffi 

[0004] 010. 011 KiJUT. 0 . 2 



-5= F, , F, , F 3 45j:tfF 4 tt, &*0tkL-&I^:7 
x ;u— ;u * fc ttx U - x" i£J& 0 # <=> n/tft y r-f /re 

SO. Dy H U>X* 1 , 2 ©tt*rt» SI«|-«a!W-««£> b 

[0 0 0 5] @10ll SWS7-3*tD7HU>X 
1, 2|BK:J*A*nfcttl8T»a. ClO*^, ^77-f 
AF, *>6(il»Lfca/h&€- h'7-f- ;UF<£>}£te. D 
«y FI^Xl^&iibTfefcSftfc^— Fx^t*— ;l/F£ 
fc^W3tf-Ai:a:oTMMS7-3 £ 
0?fT3tk-AttK»S 7- 3 t ioTSStSni. a 

Ttt^o, jt^r-f a-Fjj tAft^-a-sn-g.. 

[0 0 0 6] |p1«»c. 7fcXx^AF 3 *6fflS*Ufc«/h 
ft^E- FX^-JI/F©7teW:. D 7 FU>X*2£3ii&L-T 
iSAStifc^- F7^ — ;i/ F * fe-^Tff 3t fcf— A izU-o 

7-3l;«toTg»SnTD7 FU>X*2£gj®L-T«S 
/h^tUt^-FX^ — JUF«Mttt. 7t7T-fAF 4 tcA 

[0 0 0 7] ^fC01 1 «. EJ*3 5— 3*tOy FU> 
XI, 2FH*^^2nfc^ffi^^bT^S. 

3t7r-f AffiitF, <D%yr-i /WSttHtlfeflt/h 
fr^- FX-Y-^F^Ttte. P>7 h*l/>X*l £Mi&LT 
l£?c£ ftfc^- F 7 -f -)\> F ft fc^sMrft tf- A <h ft 
3„ fl/TDy F^>X2fcAStLTd*X£2iiaL-T*fi 

/h $ nfc^E- F y << — )V F <djl iitzQ. ft x 7 < rtffi.iL 

F 4 (Dftyy^ AfcAS#a«6n«. IrUKJC, ^67r-f 
/N* F 3 ?» tfcilt L/t^/h^t— K7-f — F ©Tfett a y 
Fl/>X2£jgiliLT. -ZrCO'&thTZ-Zntt—Fyj- 
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